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(54) Method and apparatus for locating coating faults on buried pipeline 



(57) A coating fault locating technique transmits a 
base electric signal from a power sou rce to a buried met- 
al pipe. A location of a coating fault in the buried pipe is 
detected by detecting a gradient of a changing magnetic 
field between two points spaced along the buried pipe. 
The gradient is detected based upon the output differ- 
ential of at least one pair of search coils. The gradient 
is caused by a leakage of current that occurs at the coat- 
ing fault. In particular, the at least one pair of search coils 
are provided in a mobile unit that is located above 
ground. The at least one pair of search coils are spaced 
apart from one another and have their axes arranged so 



as to have a low sensitivity to a magnetic field generated 
by the base electric signal running through the buried 
pipe. The at least one pair of coils are spaced apart from 
each other such that a line drawn between midpoints of 
the search coils' axes crosses a plane normal to the axis 
of the buried pipe. For example, the at least one pair of 
search coils are spaced from each other horizontally, 
with each coil arranged with its axis extending in a ver- 
tical plane. The data detected by the search coils in the 
mobile unit can be transmitted to a GPS system, which 
then generates a map identifying the locations of any 
detected coating faults. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

The present invention relates to methods and ap- 
paratus for locating coating faults on buried pipelines, 
and in particular to such methods and apparatus that 
rely upon magnetic field detection. 

2. Description of Related Art 

Many steps are taken to prevent buried metal pipe 
(e.g., steel pipe) from being subjected to corrosion by, 
for example, electro-chemical reactions. For example, 
it is known to coat the surface of the steel pipe with a 
material and/or to keep the pipe's electric potential equal 
or lower to that of the ground. 

In many instances, it is necessary to regularly check 
the condition of the pipe after it is buried to determine 
whether any corrosion of the pipe has taken place. This 
is particularly important when the buried pipe is, for ex- 
ample, a gas pipeline. 

Accordingly, it is known to check the condition of 
buried gas pipelines from above the ground using elec- 
tromagnetic searching techniques. Using such tech- 
niques, the location of coating faults in the pipeline or 
the location where the pipeline touches another buried 
pipe, for example a water pipe, can be detected. 

The publication entitled The 30th Automatic Control 
Annual Meeting (4044, pages 745-746, October 1987) 
describes a searching system that combines soil-to-soil 
potential methods with magnetic field measuring meth- 
ods to locate coating faults. In particular, a magnetic 
field change that is generated due to a coating fault in 
a buried pipeline to which a base electric signal is ap- 
plied is detected in order to locate the coating faults. This 
technique is prone to difficulties and mistakes because 
the soil-to-soil potential method requires that an electric 
signal is run from the road surface. 

Japanese Laid-Open Patent Application No. 
3-152411 discloses a technique that locates coating 
faults using only magnetic methods. However, with this 
arrangement, it is difficult to locate the origin of leakage 
current (from coating faults) because the magnetic field 
generated by the leakage current is weak and the dis- 
closed method is strongly influenced from environmen- 
tal noise. 

Additionally, these techniques involve processing 
and recording the data by hand : which requires much 
time and complicated work. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome 
the shortcomings discussed above. 

It is another object of the present invention to pro- 
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vide methods and apparatus for locating coating faults 
on buried metal pipes with a higher precision and more 
convenient operation than in previous techniques. 

In order to achieve the above and other objects, a 
coating fault locating technique according to the inven- 
tion transmits a base electric signal from a power source 
to the buried metal pipe. A location of a coating fault in 
the buried pipe is detected by detecting a gradient of a 
changing magnetic field between two points spaced 
along the buried pipe. The gradient is detected based 
upon the output differential of at least one pair of search 
coils. The gradient is caused by a leakage of current that 
occurs at the coating fault. 

In particular, the at least one pair of search coils are 
provided in a mobile unit that is located above ground. 
The at least one pair of search coils are spaced apart 
from one another and have their axes arranged so as to 
have a low sensitivity to a magnetic field generated by 
the base electric signal running through the buried pipe. 
The at least one pair of coils are spaced apart from each 
other such that a line drawn between midpoints of the 
search coils' axes crosses a plane normal to the axis of 
the buried pipe. 

For example, the at least one pair of search coils 
are spaced from each other horizontally, with each coil 
arranged with its axis extending in a vertical plane. 

According to a preferred embodiment, data detect- 
ed by the search coils in the mobile unit is transmitted 
to a GPS system, which then generates a map identify- 
ing the locations of any detected coating faults. 

An apparatus according to the invention includes 
structure to perform the method detailed above. Accord- 
ing to one embodiment, the apparatus includes a base 
electric signal generator that generates a base electric 
signal in a buried pipe. The apparatus also includes a 
movable carriage on which at least one pair of search 
coils are mounted. The movable carriage is movable in 
a direction along the buried pipe. The at least one pair 
of search coils are spaced from each other to detect a 
gradient of a magnetic field along a length of the buried 
pipe. 

A detector unit synchronously detects an output dif- 
ferential of the at least one pair of search coils based 
upon a reference signal. The reference signal can be 
the base electric signal, which is transmitted to the bur- 
ied pipe and to the detector unit. Alternatively, the de- 
tector unit can receive the reference signal by detecting 
the base electric signal in the buried pipe. For example, 
the movable carriage can include monitor coils that elec- 
tromagnetically detect the base electric signal in the bur- 
ied pipe. As another alternative, the base electric signal 
can be provided to the detector unit from the base elec- 
tric signal generator via either a hard-wired coupling or 
via radiowaves. 

The detector unit can transmit data relating to de- 
tected coating faults to a Global Positioning System 
(GPS), which then transmits data to a monitor or printing 
device, to generate a map indicating locations of the 
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coating faults. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Invention will be described in detail with refer- 
ence to the following drawings in which like reference 
numerals refer to like elements and wherein: 

Fig. 1 is a schematic view of an apparatus for locat- 
ing coating faults on buried steel pipelines accord- 
ing to one embodiment of the invention; 
Fig. 2 is a schematic representation showing posi- 
tional relationships between one pair of search coils 
and a buried pipe; 

Fig. 3 is a schematic view of an apparatus for locat- 
ing coating faults in buried steel pipes according to 
a second embodiment of the invention; 
Fig. 4 is a perspective view of an apparatus for lo- 
cating coating faults in buried steel pipes according 
to the invention; 

Fig. 5 is a block, circuit diagram showing the system 
for generating and transmitting a base electric sig- 
nal; 

Fig. 6 is a plan view of a movable carriage, and il- 
lustrates pairs of search coils and a pair of monitor 
coils; 

Fig. 7 is a block, circuit diagram of a receiving and 
detecting portion of an embodiment of the invention; 
Fig. 8 is a graph that explains the magnitude and 
phase of an output differential of the search coils; 
Fig. 9 is a block, circuit diagram showing the ana- 
lyzing and indicating\recording part of the invention 
including linkage to a GPS; 
Fig. 10 shows the detected output of a coating fault 
recorded on a chart by a pen-recorder; and 
Fig. 11 illustrates a map that identifies the location 
of coating faults generated by a GPS. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

According to the present invention, a base electric 
signal generator applies a base electric signal to buried 
metal pipe, such as, for example a buried steel gas pipe- 
line. The base electric signal applied to the buried steel 
pipe results in a magnetic field being generated from the 
buried steel pipe. Any coating faults in the buried pipe, 
which can lead to (or be caused by) corrosion of the 
pipe, result in current (known as leakage current) leak- 
ing from the buried steel pipe. This leakage current cre- 
ates a magnetic field part orthogonal to the magnetic 
field generated from the buried pipe. 

According to the invention, at least one pair of 
search coils provided above ground, for example in a 
movable carriage, detect this orthogonal magnetic field 
part caused by the leakage current. In particular, the at 
least one pair of search coils are spaced apart from each 
other, for example, along the length of the buried pipe. 



The axes of the search coils are oriented so that they 
are sensitive to magnetic fields in the orthogonal direc- 
tion (i.e., magnetic fields due to the leakage current) of 
the pipe. A detector unit receives outputs from the 
5 search coils and, using a reference signal, which is 
based on the base electric signal, detects the orthogonal 
magnetic field. In particular, the detector uses 90 degree 
orthogonal synchronous detection. 

The reference signal can be directly supplied to the 
detector unit by the base electric signal generator. This 
can be a hard-wire transmission or a radiowave trans- 
mission. Alternatively, the reference signal can be sup- 
plied by detecting the base electric signal in the buried 
steel pipe. For example, the movable carriage can in- 
clude appropriately arranged monitor coils that detect 
the base electric signal in the buried steel pipe. As an- 
other alternative, an additional electric signal generator 
that generates the reference signal having the same fre- 
quency as that of the base electric signal generated by 
the base electric signal generator can be provided, for 
example, at the search location. In this case, prior to 
detection, the additional generator and the base gener- 
ator 7 are synchronized. 

Furthermore, it is preferable to provide a Global Po- 
sitioning System (GPS) that receives data relating to the 
location of detected coating faults. The GPS then gen- 
erates a map (either on a monitor or on paper) that iden- 
tifies the coating faults. 

Fig. 1 is a schematic diagram of an apparatus for 
locating coating faults on buried pipes according to an 
embodiment of the invention. A base electric signal gen- 
erator 7 sends the base electric signal to buried steel 
pipe 11 via a power amplifier 8. In particular, a base elec- 
tric signal line 9 is attached between amplifier 8 and the 
buried steel pipe 11. The amplifier 8 alsois attached to 
ground 15. The base electric signal causes a current I 
to run through the buried pipe 11, producing magnetic 
field 13. ~ 

A leakage current 12 is present due to a coating 
fault 14 in the buried pipe 11. The leakage current 12 
always includes orthogonal part to the current I running 
in the buried steel pipe. Accordingly, the magnetic field 
H produced by the leakage current 12 includes orthog- 
onal part to the magnetic field 1 3 produced by current I 
running through the buried pipe. 

Due to leakage current 12, the current I' and its ac- 
companying magnetic field 1 3* downstream of the coat- 
ing fault 14 is less than the current I and magnetic field 
13 upstream of the coating fault 14. Roughly speaking, 
l=l'+12. 

At least one pair of search coils 1a and 1b are pro- 
vided on a movable carriage, which is located above 
ground. The search coils 1a and 1b are coupled to a 
differential amplifier 2. The differential amplifier 2 is cou- 
pled to an amplifier 3, which is coupled to a detector 4. 
The detector 4 receives a reference signal (REF) 10 
from base electric signal generator 7. The output of de- 
tector 4 is provided to any of various means for indicat- 
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ing the detected output, tor example, an oscilloscope 5, 
etc., and to a recording means such as, for example a 
pen-recorder 6. 

The magnetic field H caused by the leakage current 
12 is converted into an induced electromotive force by 
the pair of search coils 1a and 1b. The search coils la 
and 1 b have respective axes, la and 1 b (see Fig. 2). The 
axes of the search coils are arranged in a direction so 
as to have a low sensitivity to the magnetic field (13 or 
13') generated by the base electric signal running 
through the buried pipe. The search coils, however, are 
arranged in a direction so that they have a high sensi- 
tivity to the magnetic field H generated by the leakage 
current 12. 

In particular, the search coils have a highest re- 
sponse when their axes are parallel to the direction of 
the magnetic field. Accordingly, the axes of the search 
coils are preferably arranged so as to be parallel to the 
magnetic field H generated by the leakage current 12, 
and at leasl a line interconnecting the center of the axes 
of the search coils is not in a plane orthogonal to the 
axis of the buried pipe. Accordingly, the search coils are 
arranged so as to have a low sensitivity to the magnetic 
field 13 generated by the base electric signal running in 
the buried pipe. 

The output of each coil la and 1b is provided to the 
differential amplifier 2, the output differential of which is 
amplified by the amplifier 3. This signal is supplied to 
detector 4, which outputs to the oscilloscope 5 and/or 
the pen-recorder 6. This type of sensor device, which 
outputs a differential of each coil's output is referred to 
as differential-type search coils. 

The base electric signal transmitted from the gen- 
erator 7 can be sent to the buried pipe through the power 
amplifier 8, which is connected to ground, by, for exam- 
ple, an Mg electrode plate. The base electric signal can 
be provided to the buried pipe through terminals which 
are usually provided at the joints of the buried pipe, for 
example at intervals of 100-200 meters. These termi- 
nals are accessible through, for example, a manhole. 

The direction of the magnetic flux in the magnetic 
field H generated by the leakage current 12 is not con- 
stant because the direction of the current can change. 
Accordingly, it is preferable to provide more than one 
pair of search coils, with each pair extending in different 
directions. Thus, Fig. 1 shows the minimum, single pair 
of search coils. While the search coils la and 1b in Fig. 
1 are oriented to extend vertically, the additional pairs, 
for example, can extend at an angle between horizontal 
and vertical. It is also preferable : for example, to use a 
pair of coils that extend vertically and a pair of coils that 
are parallel to the direction of the buried pipe. 

Fig. 2 illustrates the manner in which the coils are 
arranged relative to the buried pipe 11. The coils la and 
1b are provided on a movable carriage (not shown in 
Fig. 2) that is movable in the direction of the arrow in 
Fig. 2. The search coils la and 1b are arranged so that 
their axes la and 1b are spaced from each other in the 



horizontal direction in Fig. 2. The search coils la and 1b 
are arranged so that when the carriage is moved, a 
straight line L drawn through the center points A and B 
in the longitudinal direction of the axes la and 1b of the 

s two coils crosses a plane S normal to the axis of the 
buried pipe at point M. 

The use of the alternating current facilitates the syn- 
chronous detection technique. Moving the two coils en- 
ables one to find the gradient of the change in the mag- 

10 netic field between two points along the buried steel 
pipe. 

In this case, if there are no coating faults, the mag- 
netic field generated by the current caused by the base 
electrical signal is almost constant. Accordingly, there is 
15 virtually no differential of the induced electromotive 
force in the search coils. However, when there is a coat- 
ing fault, a disorder of a magnetic field locally generated 
by the leakage current exists; and is detected because 
the differential of the electromotive force in the search 
20 coils changes. As the pair of search coils la and 1b are 
arranged in the same direction and are maintained at a 
constant interval, the detection of the gradient of the 
change in magnetic field between this interval can be 
found. With prior magnetic field-detecting methods, it 
25 was difficult to detect a small change in the magnetic 
field because only absolute values were considered. 

However, the present invention theoretically in- 
creases the precision of the detection while removing 
same-phase noise by using the output differential and 
30 by orienting the coils so that they are highly sensitive 
only to the leakage current. The present arrangement 
also is advantageous because it is arranged to detect 
the small amount of leakage current and can distinguish 
atemporary change in the magnetic field (i.e., a disorder 
35 in the magnetic field) created by the coating fault. 

The present invention also is advantageous be- 
cause it uses, as REF signal 10, a signal that is related 
to the base electric signal provided to the buried pipe 
11 . In prior systems using a reference signal that is not 
40 related to the base electric signal applied to the buried 
pipe, there were many difficulties and mistakes made 
due to the difficulty in distinguishing the magnetic field 
created by the base electric signal and magnetic fields 
created from external sources, for example, environ- 
45 mental noise in the 50\60 Hz range. 

The present invention relies upon synchronous de- 
tection in which the base electric signal that is applied 
to the buried pipe also is applied to the differential am- 
plifier 2 output. Using this technique, a phase deviation 
50 of the differential output relative to the base electric sig- 
nal can be found and distinguished from environmental 
noises. That is, any phase differential of the electromo- 
tive force in the search coils changes in synchronism 
with any changes of the magnetic field generated by the 
55 base electric signal running through the buried pipe. 

It is preferable to use a base electric signal having 
a frequency that is not an integer multiple of a common 
commercial frequency such as, 50\60 Hz. 
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With respect to the coating fault location operation, 
from the viewpoint of working efficiency, it would be bet- 
ter to provide the amplifier 3, the detector 4, the means 
for detecting the output 5, and the means for recording 
the output 6, along with the search coils la and 1b and 5 
the differential amplifier 2 in a mobile unit With such an 
arrangement, the REF signal 10 must be transmitted 
from the generator 7 to the mobile unit. This can be done 
via radiowaves, for example. 

A preferred radiowave transmission frequency for 
the base electric signal is less than or equal to 1 00 KHz, 
even more preferably between about 220 Hz and 820 
Hz, in order to reduce noise. 

Fig. 3 illustrates an embodiment in which the REF 
signal 10 is generated by a reference signal generator 
R provided at the search location (i.e., on the mobil unit). 
In this embodiment, reference signal generator R de- 
tects the base signal from the buried pipe 11 using mon- 
itor coils 32 provided on the mobil unit. However, the 
manner in which the REF signal 10 is generated is not 
limited to the above two examples. 

The present invention is also advantageous, as will 
be described below, when it is used in combination with 
a GPS to output a map that identifies detected coating 
faults. 

EXAMPLES 

Fig. 4 illustrates one arrangement of an apparatus 
for locating coating faults in buried steel pipes according 
to an embodiment of the invention. A transmitter 20 in- 
cludes base electric signal generator 7 and power am- 
plifier 8. A power supply 21 provides power to transmit- 
ter 20. The base electric signal is output from transmitter 
20 via a cable, for example, which is passed through a 
manhole 16 and attached to the buried pipe 11 . A mobil 
unit 17 includes the receiving and detecting unit 19. A 
vehicle 18 such as a van includes an analyzing and in- 
dicating/recording unit 22 and a GPS unit 23. GPS unit 
23 includes a GPS antenna 24 which communicates 
with a satellite 25. The other elements are the same as 
similarly referenced elements in Fig. 1. 

As shown in Fig. 4, the transmitter 20 and power 
supply 21 are located near a manhole 16. The receiving 
and detecting unit 19 is provided in the mobil unit 17 
which is pulled by vehicle 1 8. The REF signal 1 0 is trans- 
mitted to the mobil unit 17 via radiowaves. 

Recently, GPS are well known and used as car nav- 
igation systems. GPS are capable of generating map 
data and are capable of indicating the present location 
of the GPS antenna 24. Accordingly, when coating faults 
are detected, this data is supplied to the GPS so that 
the map can mark (either on a monitor or on a printout) 
the location of the coating fault. Placement of GPS an- 
tenna 24 on the mobil unit 1 7 would further increase the 
accuracy of the resulting map. 

Fig. 5 is a block circuit diagram of the base electric 
signal transmitter 20. The elements are the same as 
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those described in Figs. 1-4. A REF signal transmitter 
10s transmits the base electric signal via radiowaves to, 
for example, the mobil unit 17. In this example, a trans- 
mitting frequency of 725 Hz is used for the REF signal 
10. 

Fig. 6 is a plan view showing the position of the 
search coils on the mobil unit 17. In this embodiment, 
two pairs of search coils are provided. Vertical search 
coils 30a and 30b are vertical relative to the road sur- 
face. Horizontal search coils 31a and 31 b are parallel to 
the road surface, with their axes extending parallel to 
the moving direction of the mobil unit 17. The coils of 
each pair are separated from each other by 1 meter in 
the moving direction of the mobil unit 17. Monitor coils 
32, which detect the base electric signal in the buried 
pipe, are arranged so as to be orthogonal to the search 
coils and located centrally between the search coils 30a, 
31 a and 30b, 31b. 

Fig. 7 is a block, circuit diagram showing the receiv- 
ing and detecting unit 19. REF signal receiver 10R re- 
ceives the REF signal 10 transmitted via radiowaves. 
The receiving and detecting unit 1 9 also includes ampli- 
fiers 40, phase adjustment devices 41a, 41b, 41c and 
41 d, 90 degree phase-shift device 42, bandpass-filters 
(BPF) 43, low-pass-filters (LPF) 44, and multiplication 
circuits 45 in the arrangement illustrated in Fig. 7. Ref- 
erence numerals E1 -E4 illustrate the detected outputs. 

The output of vertical coils 30a, 30b and\or horizon- 
tal coils 31a and 31b is sent to the differential amplifier 
2 via the phase adjustment devices 41a-d so as to lose 
any differences in phases after passing through ampli- 
fier 40. The differential amplifier 2 outputs the difference 
between the phase adjustment devices 41a and 41b 
and the phase adjustment devices 41c and 41 d. These 
output differentials are output to the BPF 43 t the ampli- 
fier 40, and finally synchronously detected by using the 
90 degree phase-shift device 42. 

This 90 degree orthogonal synchronous detection 
technique separates the output differential of each coil 
pair 30, 31 . These values then are multiplied by the REF 
signal in the multiplication circuit 45 to provide the de- 
tected outputs El and E3 through the LPF 44. The other 
multiplication circuit 45 multiplies by the REF signal 10 
after it is shifted by 90 degrees by passing the REF sig- 
nal 1 0 through the 90 degrees phase-shift device 42, to 
produce the detected outputs E2 and E4 through the 
LPF 44. 

As shown in Fig. 8, the outputs El and E2 of the 
vertical search coils (30a and 30b) are plotted along the 
x axis and y axis, respectively, while the outputs E3 and 
E4 of the horizontal coils (31 a and 31 b) are plotted along 
the x axis and the y axis, respectively. This enables the 
magnitude and phase of each paired coil output differ- 
ential to be displayed. 

In many tests conducted by the inventors, it is clear 
that the detected output coating fault has a phase-shift. 
As the present invention can simultaneously estimate 
the magnitude and phase of each coil pair output differ- 
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ential, the location of coating faults can be found with a 
higher precision than in previous devices that only 
roughly detected the magnitude of the magnetic field. 

As further shown in Fig. 7, when monitor coils 32 
are included, the monitor coil output is amplified by am- 
plifier 40, sent through the BPF 43 and output as the 
monitor coil output. 

Fig. 9 is a block circuit diagram showing the analyz- 
ing and indicating\recording unit and the GPS unit. The 
analyzing unit includes an A\D and D\A (analog-to-dig- 
ital and digital-to-analog converter), a CPU (central 
processing unit) and a VDT (Video Display Terminal). 
An interface couples the analyzing part with the indicat- 
ingVecording part and the GPS. 

The detected outputs E1 -E4 from the receiving and 
detecting unit 19 and the monitor coil output 32 is pro- 
vided to the A\D and D\A converter as analog signals. 
These are converted to digital signals. The CPU proc- 
esses the data and provides it to the indicating means 
(e.g., the oscilloscope) and\or to the recording means 
(e.g., the pen-recorder). The CPU also can combine the 
data representing locations of coating faults with map 
data provided by the GPS via the VDT so as to indicate 
the location of coating faults on a map. 

Fig. 10 illustrates the output of a pen-recorder 
based upon data E1-E4. As can be seen by Fig. 10, the 
location of coating faults are easily detected based upon 
a disruption in the output. 

Fig. 1 1 illustrates a map generated by the GPS and 
identifying coating faults thereon. There are two coating 
faults identified on this map. This enables the searching 
operation to become more efficient because the data re- 
lating to locations of coating faults are quickly processed 
and output on a map. 

The present invention provides a higher precision 
apparatus and method for locating coatingfaults on bur- 
ied pipelines than possible with previous methods. This 
is achieved by detecting local disorders of a magnetic 
field generated by leakage current from coating faults. 
As described above, the local disorder is detected by at 
least one pair of search coils. Additionally, a 90-degree 
orthogonal synchronization technique is used to detect 
an output differential of the search coils while using a 
base electric signal that is transmitted to the buried pipe 
as a reference signal. The system simultaneously esti- 
mates the magnitude and phase of each pair of coil out- 
put differential and is able to detect only the magnetic 
field generated from the leakage current, without being 
interfered with by environmental noise. 

Additionally, by transmitting data via radiowaves to 
a GPS, map data is readily generated that identifies lo- 
cations of the coating faults. 

While this invention has been described in conjunc- 
tion with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, the pre- 
ferred embodiments of the invention set forth herein are 
intended to be illustrative, not limiting. Various changes 



may be made without departing from the spirit and 
scope of the invention as defined in the following claims. 



1. A method of locating coating faults on a buried pipe, 
comprising the steps of: 

transmitting a base electric signal from a source 
to the buried pipe; and 

detecting a location of coating faults on the bur- 
ied pipe by detecting a gradient of a changing 
magnetic field between two points along the 
buried pipe caused by a leakage of current from 
the coating faults based upon an output differ- 
ential of at least one pair of search coils. 

2. The method of claim 1 , wherein the detecting step 
includes: 

arranging each coil of the at least one pair of 
search coils so that the axes of the search coils 
are spaced from each other by a distance in a 
direction such that a line interconnecting the 
axes of the search coils crosses a plane orthog- 
onal to an axis of the buried pipe, the axes be- 
ing arranged so as to have a low sensitivity to 
a magnetic field generated by the base electric 
signal running in the buried pipe; 
moving the at least one pair of search coils 
along a direction of the buried pipe; and 
finding a disorder of a magnetic field generated 
by the leakage current from the coating fault in 
the buried pipe by finding an output differential 
of the at least one pair of search coils, wherein 
the base electric signal is used as a reference 
signal to synchronously detect the output differ- 
ential of the at least one pair of search coils. 

3. The method of claim 2, wherein the reference signal 
is transmitted from the source via radiowaves to a 
unit that synchronously detects the output differen- 
tial of the search coils. 

4. The method of claim 2, wherein the reference signal 
is generated at a location of the search coils by de- 
tecting the base electric signal running in the buried 
pipe using monitor coils. 

5. The method of claim 2, wherein the reference signal 
is generated by an additional electric signal gener- 
ator that generates the reference signal to have a 
same frequency as the base electric signal. 

6. The method of claim 2, wherein the synchronous 
detecting uses a 90 degree phase difference be- 
tween outputs of the search coils. 
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7. The method of claim 1, further comprising the step 
of identifying locations of the coating faults on a map 
using a Global Positioning System. 

8. An apparatus for locating coating faults on a buried 
pipe, comprising: 

a movable carriage, at least one pair of search 
coils mounted on the movable carriage, the at 
least one pair of search coils spaced from each 
other in a moving direction of the movable car- 
riage; and 

a base electric signal generator that applies a 
base electric signal to a buried pipe, wherein 
the at least one pair of search coils detects a 
gradient of a magnetic field resulting from leak- 
age of current through coating faults in the bur- 
ied pipe. 

9. The apparatus of claim 8, further comprising a pair 
of monitor coils mounted on the movable carriage 
to detect the base electric signal in the buried pipe. 

10. The apparatus of claim 8, wherein axes of the at 
least one pair of coils are oriented so as to have a 
low sensitivity to a magnetic field generated by the 
base electric signal running in the buried pipe. 

11. The apparatus of claim 8, further comprising: 

a detector coupled to the at least one pair of 
search coils, the detector executing synchronous 
detection of an output differential of the at least one 
pair of search coils by using a reference signal that 
is based on the base electric signal. 

12. The apparatus of claim 11, wherein the base electric 
signal generator includes a radiowave emitter, the 
detector includes a radiowave receiver, and the 
base electric signal is transmitted from the base 
electric signal generator to the detector by radio- 
waves. 

13. The apparatus of claim 11 , wherein the detector in- 
cludes a pair of monitor coils that detect the base 
electric signal running in the buried pipe, the refer- 
ence signal being based upon the detected base 
electric signal. 

14. The apparatus of claim 11 , wherein the detector in- 
cludes an additional electric signal generator that 
generates the reference signal so as to have a 
same frequency as the base electric signal. 

1 5. The apparatus of claim 8, further comprising means 
for visually indicating outputs of the at least one pair 
of search coils. 

16. The apparatus of claim 15, wherein the means for 



visually indicating includes an oscilloscope. 

17. The apparatus of claim 15, wherein the means for 
visually indicating includes a pen recorder. 

5 

18. The apparatus of claim 15, wherein the means for 
visually indicating generates a map on which the 
detected coating faults are identified. 

'0 19. The apparatus of claim 8, further comprising a Glo- 
bal Positioning System coupled to the at least one 
pair of search coils to generate a map on which the 
coating faults are identified. 

>5 20. A method of locating coating faults on a buried pipe, 
comprising the steps of: 

supplying a base electric signal from a source 
to the buried pipe; 

20 moving a movable carriage above ground in a 

vicinity of the buried pipe, the movable carriage 
including at least one pair of search coils that 
are spaced from each other in a movement di- 
rection of the movable carriage; and 

2S detecting a location of coating faults on the bur- 

ied pipe based on currents induced in the at 
least one pair of search coils by a changing 
magnetic field caused by a leakage of current, 
caused by the supplied base electric signal, 

30 from the coating faults. 

21. The method of claim 20, wherein: 

each search coil of the at least one pair of 
35 search coils is arranged on the movable car- 

riage so that axes of the search coils are 
spaced from each other by a distance in a di- 
rection such that a line interconnecting the axes 
of the search coils crosses a plane orthogonal 
40 to an axis of the buried pipe, the axes being ar- 

ranged so as to have a low sensitivity to a mag- 
netic field generated by the base electric signal 
running in the buried pipe; 
the moving step includes moving the at least 
45 one pair of search coils along a direction of the 

buried pipe; and 

the detecting step includes finding a disorder of 
a magnetic field generated by the leakage cur- 
rent from the coating fault in the buried pipe by 
50 finding an output differential of the at least one 

pair of search coils, wherein the base electric 
signal is used as a reference signal to synchro- 
nously detect the output differential of the at 
least one pair of search coils. 

55 

22. The method of claim 20, further comprising the step 
of identifying locations of the coating faults on a map 
using a Global Positioning System. 
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23. A method of locating coating faults on a buried pipe, 
comprising the steps of: 

detecting at least one coating fault on a buried 
pipe by moving a movable carriage containing 
a coating fault detector above ground in the vi- 
cinity of the buried pipe; 
transmitting position data of a position where 
the at least one coating fault was located to a 
Global Positioning System; and 
generating a map that indicates the position of 
the at least one coating fault using data from 
the Global Positioning System. 

24. An apparatus for locating coating faults on a buried 
pipe, comprising: 

a movable carriage containing a coating fault 
detector, the movable carriage being movable 
above ground in the vicinity of the buried pipe 20 
to detect coating faults in buried pipe; 
means for transmitting position data of a posi- 
tion where the at least one coating fault was lo- 
cated to a Global Positioning System; and 
means for generating a map that indicates the 25 
position of the at least one coating fault using 
data from the Global Positioning System. 



30 



35 



40 



45 



50 



55 



8 

<EP 08S5595A2J_> 



10 



EP 0 855 595 A2 



FIG. 1 




12 



9 

BNSOOCIO: <EP 0855595A2_I_> 



EP 0 855 595 A2 



FIG. 2 




BNSDOC1D: <EP 0855595A2_L> 



10 



EP 0 855 595 A2 



FIG. 3 




11 



EP 0 855 595 A2 




BNSDOCID: <EP 0855595A2_L> 



EP 0 855 595 A2 




EP 0 855 595 A2 




BNSDOCID: <EP „ 085559 5A2_ 1. > 



14 




15 



BNSDOCID: <EP 0855595A2J_> 



EP 0 855 595 A2 



FIG. 8 




FIG. 10 



LOCATION OF 
COATING FAULTS 



5V 



DETECTED _t_ 
OUTPUT 



5V 







— ~v 


^~E2,E4 







SEARCHING 
DIRECTION 



16 



BNSDOCI&. <EP 0855595A2J_> 



EP 0 855 595 A2 



CM 
CM" 



CD 

CD 

Ll_ 




CO 




































COI 




O UJ 
LU 




C\J 
O LU 




CO 
Q LU 
LU 




Q UJ 














\ — 1 — 












o=> 




O => 










LU Q_ 




LU CL 




LU Q- 




LU Q- 


II 




h— ^ — 




h- J~ 














LU =) 




LU=> 




£5 




"IDS 


O => 




QO 




QO 




QO 




QO 


:>o 



















BNSDOCID: <EP 0855595A2_I_> 



17 



EP 0 855 595 A2 



FIG. 11 




BNSDOCID: <EP 085559 5A2_L> 



18 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

26.07.2000 Bulletin 2000/30 

(43) Date of publication A2: 

29.07.1998 Bulletin 1998/31 

(21) Application number: 98300421.9 

(22) Date of filing: 21.01.1998 



( ii) EP 0 855 595 A3 

EUROPEAN PATENT APPLICATION 

(51) Intel 7; G01N 27/82 



(84) 


Designated Contracting States: 


• Osada, Toshio, c/o Kawasaki Steel Corporation 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Chiyoda-ku, Tokyo 100 (JP) 




NL PT SE 


• Gotoh, Shinji 




Designated Extension States: 


Yokohama-shi, Kanagawa 224 (JP) 




AL LT LV MK RO SI 


(74) Representative: 


(30) 


Priority: 22.01.1997 JP 961597 


Atkinson, Jonathan David Mark et al 
Haseltine Lake & Co., 


(71) 


Applicant: Kawasaki Steel Corporation 


Imperial House, 




Chuo-ku, Kobe-shi, Hyogo 651 (JP) 


15-19 Kingsway 
London WC2B 6UD (GB) 


(72) 


Inventors: 




• 


Masuda, Toshikazu, 

c/o Kawasaki Steel Corporation 

Chiyoda-ku, Tokyo 100 (JP) 





CO 

< 

LO 

o> 
m 

in 

LO 
CO 



QL 
LU 



(54) Method and apparatus for locating coating faults on buried pipeline 



(57) A coating fault locating technique transmits a 
base electric signal from a power source to a buried met- 
al pipe. A location of a coating fault in the buried pipe is 
detected by detecting a gradient of a changing magnetic 
field between two points spaced along the buried pipe. 
The gradient is detected based upon the output differ- 
ential of at least one pair of search coils. The gradient 
is caused by a leakage of current that occurs at the coat- 
ing fault. In particular, the at least one pair of search coils 
are provided in a mobile unit that is located above 
ground. The at least one pair of search coils are spaced 
apart from one another and have their axes arranged so 
as to have a low sensitivity to a magnetic field generated 
by the base electric signal running through the buried 
pipe. The at least one pair of coils are spaced apart from 
each other such that a line drawn between midpoints of 
the search coils' axes crosses a plane normal to the axis 
of the buried pipe. For example, the at least one pair of 
search coils are spaced from each other horizontally, 
with each coil arranged with its axis extending in a ver- 
tical plane. The data detected by the search coils in the 
mobile unit can be transmitted to a GPS system, which 
then generates a map identifying the locations of any 
detected coating faults. 



FIG. 1 




Printed by Jouve. 75001 PARIS (FR) 



BNSDOCID: <EP 0855595A3_!_> 



EP 0 855 595 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 30 0421 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tnt.CI.6) 



US 4 134 061 A (GUDGEL) 

9 January 1979 (1979-01-09) 

* abstract * 

* column 3, line 29 - column 4, line 45; 
figure 1 * 

US 5 126 654 A (MURPHY ET AL.) 
30 June 1992 (1992-06-30) 

* abstract * 

* column 6, line 55 - line 61 * 

* column 7 t line 26 - line 62; figure 2A * 

US 4 390 836 A (BRUCE ET AL J 
28 June 1983 (1983-06-28) 

* abstract * 

* column 2, line 48 - column 3, line 42; 
figure 1 * 



1,8,20 



1-24 



601N27/82 



1-24 



TECHNICAL FIELDS 
SEARCHED (IntCU) 



G01N 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Pate of completion of (he search 

31 May 2000 



Examiner 

Kempf, G 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant il taken alone 
Y : particularly re levant it combined with 

document of the same category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : eanrnr patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited lot other reasons 



& : mernbor of the 
document 



patent family, corresponding 



2 



BNSDOCID: <EP 0855595A3J_> 



EP 0 855 595 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 0421 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office E DP file on 

The European Patent Office is in no way liable foi these particulars whmn are merely given for the purpose of Information. 

31-05-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 


4134061 


A 


09-01-1979 


NONE 




us 


5126654 


A 


30-06-1992 


NONE 




us 


4390836 


A 


28-06-1983 


NONE 





uj For more details about this annex : see Official Journal uf the European Patent Office. No. 12/82 



BNSDOCID: <EP_ 



_0855595A3_L> 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



& FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



